Mobilization of iron from neoplastic cells by some iron chelators is an energy-dependent process.
Iron (Fe) chelators of the pyridoxal isonicotinoyl hydrazone (PIH) class may be useful agents to treat Fe overload disease and also cancer. These ligands possess high activity at mobilizing 59Fe from neoplastic cells, and the present study has been designed to examine whether their marked activity may be related to an energy-dependent transport process across the cell membrane. Initial experiments examined the release of 59Fe from SK-N-MC neuroblastoma (NB) cells prelabelled for 3 h at 37 degrees C with 59Fe-transferrin (1.25 microM) and then reincubated in the presence and absence of the chelators for 3 h at 4 degrees C or 37 degrees C. Prelabelled cells released 4-5% of total cellular 59Fe when reincubated in minimum essential medium at 4 degrees C or 37 degrees C. When the chelators desferrioxamine (DFO; 0.1 mM) or PIH (0.1 mM) were reincubated with labelled cells at 4 degrees C, they mobilized only 4-5% of cellular 59Fe, whereas as 37 degrees C, these ligands mobilized 21% and 48% of cell 59Fe, respectively. The lipophilic PIH analogue, 311 (2-hydroxy-1-naphthylaldehyde isonicotinoyl hydrazone; 0.1 mM), which exhibits high anti-proliferative activity, released 10% and 53% of cellular 59Fe when reincubated with prelabelled cells at 4 degrees C and 37 degrees C, respectively. Almost identical results were obtained using the SK-Mel-28 melanoma cell line. These data suggest that perhaps temperature-dependent mechanisms are essential for 59Fe mobilization from these cells. Interestingly, the metabolic inhibitors, 2,4-dinitrophenol, oligomycin, rotenone, and sodium azide, markedly decreased 59Fe mobilization mediated by PIH, but had either no effect or much less effect on 59Fe release by 311. Considering that an ATP-dependent process was involved in 59Fe release by PIH, further studies examined 4 widely used inhibitors of the multi-drug efflux pump P-glycoprotein (P-gp). All of these inhibitors, namely, verapamil (Ver), cyclosporin A (CsA), reserpine (Res) and quinine (Qui), decreased 59Fe mobilization by PIH but had little or no effect on 59Fe release mediated by analogue 311. Further, both CsA and Ver increased the proportion of ethanol-soluble 59Fe within cells in the presence of PIH, suggesting inhibited transport of the 59Fe complex from the cell. However, when PIH-mediated 59Fe release was compared between a well characterized Chinese hamster ovary cell line (CHRB30) expressing high levels of P-gp and the relevant control cell line (AuxB1), no appreciable difference in the kinetics of 59Fe release were found. In contrast, it was intriguing that the CHRB30 cells released more 59Fe into control medium (i.e., without PIH) than the AuxB1 control line (16.7% compared to 5.9%, respectively). In summary, the results suggest that a temperature- and energy-dependent process was involved in the efflux of the PIH-59Fe complex from the cells. In contrast, 59Fe release mediated by 311 was temperature-dependent but not energy-dependent, and could occur by simple diffusion or passive transport. Further studies investigating the membrane transport of Fe chelators may be useful in designing regimes that potentiate their anti-neoplastic effects.